Real-Time  Forecasting  System  of  Winds,  Waves 
and  Surge  in  Tropical  Cyclones 

Hans  C.  Graber,  Mark  A.  Donelan  and  Michael  G.  Brown 
RSMAS  -  Applied  Marine  Physics,  University  of  Miami 
4600  Rickenbacker  Causeway,  Miami,  FL  33149-1098,  USA 
phone:  (305)  361-4935  fax:  (305)  361-4701  email:  hgraber@rsmas.miami.edu 

Donald  N.  Slinn 

Civil  and  Coastal  Engineering  Department,  University  of  Florida 
Gainesville,  FL  32611-6590 

phone:  (352)  392-1436  xl431  email:  slinn@coastal.ufl.edu 

Scott  C.  Hagen 

Civil  &  Environmental  Engineering,  University  of  Central  Florida 
P.O.  Box  162450,  Orlando,  FL  32816-2450 
phone:  (407)  823-3903  fax:(407)  823-3315  email:  shagen@mail.ucf.edu 

Donald  R.  Thompson 

The  Johns  Hopkins  University,  Applied  Physics  Laboratory 
11100  Johns  Hopkins  Road,  Laurel,  MD  20723-6099 
phone:  (240)  228-4559  fax:  (240)  228-5548  email:  donald.thompson@jhuapl.edu 

Robert  E.  Jensen 

USAEWES,  Coastal  and  Hydraulics  Laboratory,  Research  Division, 

3909  Halls  Ferry  Road,  Vicksburg,  MS  39180-6199  USA 
phone:  (601)  634-2101  fax:(601)634-4314  email:  jensen@madmax.wes.army.mil 

Peter  G.  Black  and  Mark  D.  Powell 
NOAA/AOML,  Hurricane  Research  Division 
4301  Rickenbacker  Causeway,  Miami,  FL  33149  USA 
phone:  (305)  361-4320  fax:  (305)  361-4402  email:  black@aoml.noaa.gov 

John  L.  Guiney, 

DOC/NOAA/NWS-Eastem  Region,  Eastern  Region  Headquarters 
630  Johnson  Avenue,  Bohemia,  NY  11716  USA 
phone:  (631)221-0121,  fax:  (631)221-0167,  email:  John.Guiney@noaa.gov 

Vincent  J.  Cardone,  and  Andrew  T.  Cox 
Oceanweather,  Inc. 

5  River  Road,  Suite  1,  Cos  Cob,  CT  06807  USA 
phone:  (203)  661-3091  fax:  (203)  661-6089  email:  vcardone@oceanweather.com 


1 


Report  Documentation  Page 


Form  Approved 
OMB  No.  0704-0188 


Public  reporting  burden  for  the  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources,  gathering  and 
maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of  information, 
including  suggestions  for  reducing  this  burden,  to  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports,  1215  Jefferson  Davis  Highway,  Suite  1204,  Arlington 
VA  22202-4302.  Respondents  should  be  aware  that  notwithstanding  any  other  provision  of  law,  no  person  shall  be  subject  to  a  penalty  for  failing  to  comply  with  a  collection  of  information  if  it 
does  not  display  a  currently  valid  OMB  control  number. 


1.  REPORT  DATE 

30  SEP  2002 


2.  REPORT  TYPE 


3.  DATES  COVERED 

00-00-2002  to  00-00-2002 


5a.  CONTRACT  NUMBER 


5b.  GRANT  NUMBER 


5c.  PROGRAM  ELEMENT  NUMBER 


5d.  PROJECT  NUMBER 


5e.  TASK  NUMBER 


5f.  WORK  UNIT  NUMBER 


4.  TITLE  AND  SUBTITLE 

Real-Time  Forecasting  System  of  Winds,  Waves  and  Surge  in  Tropical 
Cyclones 

6.  AUTHOR(S) 


7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES)  8.  PERFORMING  ORGANIZATION 

RSMAS  -  Applied  Marine  Physics,  University  of  Miami„4600  report  number 

Rickenbacker  Causeway „Miami„FL,  33149 

9.  SPONSORING/MONITORING  AGENCY  NAME(S )  AND  ADDRESS(ES )  10.  SPONSOR/MONITOR' S  ACRONYM(S) 

11.  SPONSOR/MONITOR'S  REPORT 
NUMBER(S) 

12.  DISTRIBUTION/AVAILABILITY  STATEMENT 

Approved  for  public  release;  distribution  unlimited 

13.  SUPPLEMENTARY  NOTES 

14.  ABSTRACT 

The  long-term  goal  of  this  partnership  is  to  establish  an  operational  forecasting  system  of  the  wind  field 
and  resulting  waves  and  surge  impacting  the  coastline  during  the  approach  and  landfall  of  tropical 
cyclones.  The  results  of  this  forecasting  system  would  provide  real-time  information  to  the  National 
Hurricane  Center  during  the  tropical  cyclone  season  in  the  Atlantic  for  establishing  improved  advisories 
for  the  general  public  and  federal  agencies  including  military  and  civil  emergency  response  teams. 

15.  SUBJECT  TERMS 


16.  SECURITY  CLASSIFICATION  OF: 

17.  LIMITATION  OF 

18.  NUMBER 

19a.  NAME  OF 

ABSTRACT 

OF  PAGES 

RESPONSIBLE  PERSON 

a.  REPORT 

unclassified 

b.  ABSTRACT 

unclassified 

c.  THIS  PAGE 

unclassified 

Same  as 
Report  (SAR) 

7 

Standard  Form  298  (Rev.  8-98) 

Prescribed  by  ANSI  Std  Z39-18 


Ellsworth  H.  Augustus 
Gigantic  Computer  Services,  Inc. 

60  Prospect  Drive,  Miami,  Florida  33133 
phone:  (305)  377-8700,  email:  hunter@giganticcomputer.com 

Christopher  P.  Colonnese 
International  Business  Machines  Co. 

8051  Congress  Avenue,  Boca  Raton,  FL  33487 
phone:  (561)  862-2370,  fax:  (561)  862-3326,  email:  colonnese@us.ibm.com 

Grant  Number:  N000140210150 


LONG-TERM  GOAL 

The  long-term  goal  of  this  partnership  is  to  establish  an  operational  forecasting  system  of  the  wind 
field  and  resulting  waves  and  surge  impacting  the  coastline  during  the  approach  and  landfall  of  tropical 
cyclones.  The  results  of  this  forecasting  system  would  provide  real-time  information  to  the  National 
Hurricane  Center  during  the  tropical  cyclone  season  in  the  Atlantic  for  establishing  improved 
advisories  for  the  general  public  and  federal  agencies  including  military  and  civil  emergency  response 
teams. 

OBJECTIVES 

1)  To  describe  and  define  the  functions  and  interfaces  of  the  tropical  cyclone  forecasting  system. 

2)  To  determine  the  required  data  sources  and  data  flow  for  initializing  the  models  and  providing 
boundary  conditions. 

3)  To  design  a  powerful,  high-speed  computing  system  with  flexible  architecture  for  optimal  real-time 
model  computations. 

4)  To  define  output  products  necessary  to  enhance  the  guidance  skills  of  the  Tropical  Cyclone 
Forecast/Advisory  product. 

5)  To  test  the  model  infra-structure  that  would  lead  toward  better  forecast  information  for  landfall 
hurricane  wind,  wave,  and  surge  conditions.  Several  historical  storms  will  be  used  to  assess  model 
infra-structure. 

6)  To  develop  the  interface  that  couples  high-resolution  cyclone  wind  fields  to  the  selected  wind 
model. 

7)  To  develop  a  system  that  couples  storm  surge  and  spectral  wave  models  driven  by  winds  specified 
in  6). 

8)  Test  entire  system  via  a  proof-of-concepts  approach  with  data  from  several  historical  hurricanes. 

9)  Test  system  in  semi-operational  mode  during  several  hurricane  seasons  and  begin  transition  to 
fully  operational  mode. 
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APPROACH 


The  estimation  of  tropical  cyclone-generated  waves  and  surge  in  the  coastal  waters  and  nearshore  zone 
is  of  critical  importance  to  the  timely  evacuation  of  coastal  residents,  and  the  assessment  of  damage  to 
coastal  property  in  the  event  that  a  storm  makes  landfall.  The  model  predictions  of  waves  and  storm 
surge  in  coastal  waters  are  functionally  related  and  both  depend  on  the  reliability  of  the  atmospheric 
forcing.  In  the  nearshore  region  we  can  only  rely  on  simple  parametric  wind  models  where  only  storm 
surge  still  water  levels  are  being  computed.  In  most  cases,  these  simple  wind  fields  result  in  poor 
estimators  of  storm  surge  winds  and  hence  surge-induced  water  levels  because  the  hurricane's  actual 
wind  field  often  differs  significantly  from  the  model  wind. 

Model  Grids:  The  ocean  wave  model  WAM  will  be  implemented  on  a  basin  scale  (~25  km)  grid  over 
the  entire  North  Atlantic  and  Caribbean  Basins,  and  Gulf  of  Mexico.  In  the  coastal  and  nearshore 
regions  we  will  utilize  nested  high-resolution  (<  5  km)  grids  to  include  shallow  water  effects  such  as 
shoaling,  refraction  and  dissipation  by  bottom  friction.  For  the  storm  models  we  will  use  finite  element 
grids  based  on  one  arc-second  high  resolution  bathymetry  (Figure  1).  From  this  a  finite  element  grid 
has  been  generated  with  over  350,000  elements  that  range  in  size  from  tens  of  kilometers  to  just  a  few 
meters  near  the  coast  (Figure  2). 


Figure  1:  High-resolution  1-arc  second  bathymetry  data  for  use  in  grid  generation 

of  the  wave  and  storm  surge  models. 
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Figure  2:  The  finite  element  grid  of  the  storm  surge  model  for  the  western  North  Atlantic,  the 
Caribbean  and  the  Gulf  of  Mexico  based  on  the  bathymetry  data  shown  in  Figure  1. 


Wind  Fields:  The  use  of  snapshots  of  tropical  cyclone  wind  fields,  such  as  those  routinely  available  in 
real-time  to  forecasters  at  the  National  Hurricane  Center  will  become  the  basis  for  the  wind  analysis 
system.  These  winds  have  been  applied  directly  to  tropical  and  extra-tropical  wave  model  simulations 
with  success.  Recently  the  interactive  objective  kinematic  analysis  (IOKA)  methodology  became 
available  that  is  capable  to  evolve  in  space  and  time  the  sub-  and  mesoscale  features  in  a  developing 
cyclone  such  as  surface  wind  jet  streaks.  With  a  high  degree  of  success,  the  use  of  these  wind  fields  in 
wave  prediction  models  produced  unprecedented  accuracies  in  the  hindcasted  skill  of  storm  peak  wave 
heights  in  extratropical  stonns  (Cardone  et  al.  1995)  and  tropical  storms  (Cardone  et  al.  1996).  The 
two  sets  of  wind  fields  will  be  generated  that  complement  each  other  and  represent  the  detailed 
structure  and  dynamics  of  tropical  cyclones.  Both  sets  of  wind  fields  must  be  interchangeable  for  times 
when  no  in-situ  measurements  might  be  available  and  for  simulating  waves  and  surge  along  the 
different  paths  from  the  suite  of  track  prediction  models  maintained  by  the  National  Hurricane  Center. 
The  gridded  winds  of  the  snapshots  are  then  temporally  interpolated  using  the  IOKA  methodology  to 
retain  the  relative  energetics  of  tropical  cyclones,  as  well  as  continuity  of  the  winds  (Figure  3). 
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Figure  3:  Example  of  the  final  IOKA  wind  field  with  the  incorporation  of  tropical  vortex  winds. 
The  black  wind  vectors  are  the  model  winds  and  the  red  ones  are  observations. 

The  blue  lines  show  isotachs  in  5  m/s  increments. 


Wave  Prediction:  Wave  predictions  were  made  with  both  the  IOKA  and  HRD  produced  wind  fields. 
For  the  Hurricane  Georges  test  case,  using  either  HRD  or  IOKA  winds,  the  wave  model  simulations 
performed  very  well  over  the  entire  Gulf  of  Mexico  domain  as  well  as  within  the  range  of  tropical 
force  winds  of  Georges.  Additional  tests  will  be  performed  for  other  historical  hurricanes  such  as 
Floyd,  Bonnie,  Andrew  and  Opal. 

Storm  Surge:  The  surge  model  ADCIRC  has  been  implemented  on  the  North  Atlantic  grid  shown  in 
Figure  2  and  is  forced  with  either  the  HRD  and  IOKA  wind  fields.  Presently  the  version  of  ADCIRC 
used  here  does  not  explicitly  have  flooding  and  drying  capability  of  low-lying  land,  however,  it  can 
dry  water  nodes  and  then  re-flood  them.  This  option  will  be  important  especially  over  the  barrier 
islands  and  low-lying  coastlines  for  the  correct  calculation  of  combined  wave/surge  effect  and  for  high 
water  marks.  A  series  of  simulation  with  the  storm  surge  model  will  be  conducted  for  the  different 
historical  storms  as  well  as  exploring  the  usefulness  of  the  model  for  small  embayments  and  river 
mouths. 

This  project  will  establish  a  “node”  to  develop  an  integrative  coastal  model  for  storm  wind,  wave  and 
surge  predictions.  In  YR  1  the  forecasting  system  will  be  implemented  and  fully  tested  to  ensure  data 
flow  and  computational  efficiency.  In  YR  2  and  3  prototype  testing  will  commence  in  a  semi- 
operational  phase.  Output  will  be  provided  on  a  contingency  basis  subject  to  evaluation  and 
assessment.  In  YR  4  and  5  we  expect  to  perform  with  full  operational  capability.  The  timeliness  and 
value  of  the  deterministic  and  probabilistic  output  products  would  be  evaluated  during  the  entire 
hurricane  season. 


5 


WORK  COMPLETED 


This  project  has  just  started  and  current  activities  were  limited  to  acquiring  a  computer  for  the  project. 
IBM,  one  of  the  partners  in  this  project,  is  providing  equipment  and  computational  support  and 
expertise  to  process  and  refine  the  massive  amounts  of  data  that  are  generated  in  the  forecasting  effort. 
The  new  IBM  eServer  p690  supercomputer,  code-named  “Regatta,”  has  been  installed  at  the 
University  of  Miami  and  the  various  model  codes  have  been  installed  and  tested.  The  supercomputer 
is  one  of  IBM’s  most  advanced  implementation  of  the  powerful  UNIX  operating  system.  This  is  the 
first  supercomputer  of  its  type  to  operate  in  South  Florida  and  the  University  of  Miami  will  be  housing 
one  of  only  four  others  currently  in  the  state. 

RESULTS 

Projected  just  began.  No  new  results  yet. 

IMPACT/APPLICATION 

The  expected  results  of  the  real-time  forecasting  system  for  winds,  waves  and  surge  in  tropical 
cyclones  promise  to  provide  in  a  timely  manner  critical  information  to  the  National  Hurricane  Center 
for  better  advisories  and  warnings  to  local,  state  and  federal  emergency  agencies  and  the  general 
public.  The  challenge  of  crisis  managers  and  emergency  planners  is  to  relocate  an  ever-increasing 
coastal  population  from  the  path  of  destructive  tropical  cyclones. 

TRANSITIONS 

None  yet. 

RELATED  PROJECTS 

Modelling  the  wave  field  in  shallow  water  and  coastal  regions  is  one  of  the  primary  objectives  of  the 
Shoaling  Waves  Experiment  (SHOWEX).  From  the  experimental  phase  we  expect  to  find  improved 
source  term  definitions  for  waves  in  shallow  water  which  we  would  implement  for  the  real-time 
forecasting  system. 
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